Abstract. I review recent progress and developments in parity-violating electron scattering as it bears on three topics: strange quarks and hadron structure, electroweak radiative corrections, and physics beyond the Standard Model. I also discuss related developments in parity-conserving scattering with transversely polarized electrons as a probe of two-photon processes.
Introduction
Parity-violating electron scattering (PVES) was once considered something of a specialized -almost exotic -subfield of nuclear physics. In the past decade, however, the field has made substantial advances and has become something of a mainstream area of research. This maturation of the field has been nicely summarized in the two PAVI meetings: Mainz (2002) and Grenoble (2004) . My own involvement has now spanned a decade and a half, so I feel somewhat justified in providing a theoretical perspective on the status of the field. A rather extensive review can be found in my contribution to the Mainz PAVI proceedings [1] , and this one will be somewhat abbreviated. Here, I will try to highlight what I think we have learned since the early 1990's and what I think may be the important directions for the future.
In reviewing the evolution of PVES, one can identify three rough eras: (1) the 1970's and 1980's, which Wieman and Masterson have called "ancient history" [2] ; (2) the 1990's and first half of this decade, the "modern era"; and (3) the future, lasting perhaps into the 2020's. The focus in the early era was on testing the neutral current structure of the Standard Model (SM). Pioneering experiments were carried out in both atomic PV (see Ref. [2] for a review) as well as in the SLAC deep inelastic scattering (DIS) experiment [3, 4] that were followed by the Mainz 8 Be quasielastic [5] and MIT-Bates 12 C elastic [6] PVES measurements. In the 1990's, the structure of the SM neutral currents had been well established, so the emphasis shifted to using the SM neutral current as a probe of nucleon and nuclear structure. Here, the basic idea was that the weak neutral current depends on a different linear combination of the light quark currents than enters the electromagnetic current. Thus, by making a judicious a mjrm@caltech.edu choice of targets and kinematics, one can use PVESin combination with ordinary electron scattering -to perform a flavor decomposition of the nucleon's vector current response. More recently, there has been a resurgence of interest in exploiting PVES to study the electroweak interaction itself. In this regard, the pioneering experiment has been the SLAC Møller experiment [7] that will be followed by the equally demanding JLab Q-Weak experiment [8] . Looking down the road, one may see follow-ups to these measurements, possibly including more precise versions of the original SLAC deep inelastic experiment at JLab or the Møller experiment at either JLab or the linear collider.
With this context in mind, let me try to summarize the recent developments in three fields, focusing primarily on the "modern era": strange quarks and nucleon structure; radiative corrections, including both electroweak and QED; and the search for new physics.
Strange Quarks
The heyday of PVES has been dominated by strange quarks in the nucleon. Coming amidst the "spin crisis" of the early 1990's, wherein there were indications that strange quarks carried a more substantial fraction of the nucleon's spin (and mass) than one might naïvely think (for a review, see Ref. [9] ), the question arose as to whether strange quarks might also play a substantial role in the nucleon's electromagnetic structure. Three developments -two theoretical and one experimental -catalyzed the use of PVES to address this question. Theoretically, Kaplan and Manohar observed how the weak neutral current (WNC) of the SM -in conjunction with the electromagnetic (EM) currentprovided the tool needed to carry out the flavor decomposition of the nucleon's vector current structure [10] . Subsequently, Jaffe noted that dispersion theory analyses of the nucleon's isoscalar form factors implied large couplings of the nucleon to the φ(1020) and that this OZI-violation would imply sizeable strange quark vector current form factors as a consequence [11] . On the experimental side, McKeown showed that by measuring the backward angle PV asymmetry under conditions that were experimentally feasible, one would be sensitive to strange magnetic form factors of the magnitude implied by Jaffe's analysis [12] . (For other important, early work on this topic, see Refs. [13, 14, 15, 16] ).
The field was shortly off and running, resulting in the SAMPLE program at MIT-Bates [17, 18, 19, 20, 21, 22] , the HAPPEX [23, 24] and G0 [25] experiments at JLab, and the A4 program at Mainz [26, 27, 28] . A related development that I will not focus on here is the development of the JLab experiment designed to study the neutron distribution of 208 Pb (see Ref. [29] and references therein). The idea -for which Donnelly, Dubach, and Sick deserve the credit [30] -is again to exploit the complementarity of the WNC and EM charge operators: the EM charge operator is sensitive primarily to protons, while the WNC primarily sees neutrons. The details of each of these experiments has been discussed elsewhere in this meeting, so I will not comment on any further on the specifics.
While the G0, HAPPEX, and A4 experiments are not yet completed, the results obtained to date have taught us that the role of strange quarks in the nucleon vector current form factors is likely to be relatively less important than in the case of the nucleon mass and spin. In particular, the benchmark Jaffe predictions appear to be too large compared to experiment. At least, it is not consistent to have both sizable strange magnetism and strange electricity in the nucleon. The completion of the experimental program will definitively tell us whether there is room for either one to be relatively important.
Theoretically, we have learned that strange quark dynamics are more subtle than the simplest pictures might suggest and that -because the effects are not so largeobtaining a quantitatively reliable description and realistic physical picture remains a challenging task. In terms of the simplest physical pictures that one might use to guide intuition, we have learned that neither vector meson dominance nor kaon cloud dominance is right. Vector meson dominance works well in describing the dynamics of pseudoscalar mesons; it has long been known, for example, that the a priori unknown low energy constants (LECs) in the O(p 4 ) chiral Lagrangian for the octet of pseudoscalar mesons are well-described by vector meson dominance [32] . Although a similar ansatz allows one to obtain a reasonable fit to the nucleon isoscalar vector form factor in dispersion theory, Jaffe's generalization of it to the strange quark sector is now ruled out by experiment (for an up-date of the analysis in Ref. [11] ).
The other picture that used to guide one's intuition is that of a kaon cloud around the nucleon. Its field theoretic description involves fluctuations of the nucleon into kaonhyperon intermediate states whose effects are computed using loop graphs in perturbation theory. Now, one might rightfully object that given the large [O(1)] meson nucleon coupling constants (e.g., g A ≈ 1.26), one has no basis for believing perturbation theory. Nevertheless, many theorists (myself included) proceeded to carry out such calculations anyway, using various models for the hadronic vertex form factors (for a list of references, see Ref. [18] ). The motivation behind this mini-industry was an old computation of the nucleon's isovector form factors by Bethe and DeHoffman using pion loops [33] . Despite the presence of the O(1) couplings, it worked, and so, based purely on this phenomenological success, people proceeded with the same approach for the strange form factors.
What most people did not realize, however, is that in the late 1950's, Federbush, Goldberger, and Treiman (FGT) showed -using dispersion theory -that the success of the Bethe and DeHoffman pion loop calculation was a big accident [34] . In fact, the pion loop calculation as naïvely performed does not even respect unitarity. When the latter requirement is imposed, the pion loop calculation falls short of the nucleon's isovector magnetic moment by half. FGT showed how to compute the pion cloud contribution correctly in dispersion theory by using measured strong interaction πN scattering amplitudes and π form factor data, effectively summing the loop graphs to all orders in the strong couplings. Remarkably, they obtained stunning agreement with the measured nucleon form factors.
In the 1990's, my collaborators and I applied the FGT dispersion theory approach to the strange quark form factors, focusing on the kaon cloud contribution that undergirded so many model computations [35, 36, 37, 38] . Using experimentally obtained KN scattering amplitudes and e + e − data, we performed the all-orders summation of the kaon loop graphs analogous to the one carried out by FGT. We found that the resulting spectral functions for the strangeness vector form factors have a peak at invariant mass t ≈ m 2 φ . In short, the kaon cloud contribution is dominated by the φ(1020) resonance -consistent with the earlier pole-dominance ansatz.
This result has two implications. First, the plethora of kaon cloud model calculations are all wrong; only an all-orders summation is credible. Second, the kaon cloud cannot be the whole story, because the large effect implied by the φ-resonance is ruled out by experiment. In principle, this situation is not incompatible with dispersion theory, which implies contributions from a tower of intermediate states. In practice, however, we have reached the end of the road, because there simply is not enough high-quality e + e − and strong interaction scattering data involving these other states 1 . In the case of the isovector form factors, FGT got lucky because the pion cloud contribution -when computed correctly -saturated the experimental form factor result. There was no need to analyze other, higher mass intermediate states. The strange quark, in contrast, is more elusive. The PVES experiments suggest that contributions from other intermediate states cancel against the kaon cloud, but theoretically, we simply cannot compute these canceling effects. Parentheti-cally, my experience with this dispersion theory analysis leads me to view simple meson cloud model computations of other nucleon structure effects with a degree of skepticism.
It is reasonable to ask, however, why one has to rely on dispersion theory in the "modern era". Indeed, the effects of pseudoscalar mesons in various aspects of nucleon structure -such as the isovector form factors or polarizablities -have been treated with considerable success in chiral perturbation theory (ChPT). In ChPT, any observable is given by the sum of a loop contribution and an LEC, or counterterm 2 . Even though one never carries out an allorders loop calculation as dispersion theory suggests one should, this approach is consistent with dispersion theory because of the presence of the LEC contribution and because for low-energy processes, higher-order effects are suppressed by p/Λ, where Λ is either the nucleon mass or chiral symmetry-breaking scale. The actual value of the LEC, however, cannot be predicted theoretically; it has to be taken from experiment. To the extent that one has enough independent experiments to determine all the LECs at a given order in p/Λ, one can then make predictions for other observables.
The problem for strange quarks is that we don't have the required set of independent experiments. As Ito and I pointed out some time ago, the leading-order LEC's contain an SU(3)-singlet component that cannot be taken from any existent experiments [40] . In order to determine these constants, one has to measure the very strange quark form factors that one would like to predict -a situation of circular logic. Formally, an exception occurs in the case of the strange magnetic radius, r 2 s M . As shown by Meissner, Hemmert, and Steininger, the leading-order contribution is entirely non-analytic, so that a counterterm-free prediction can be obtained from a one-loop computation [41] . Unfortunately, the chiral expansion for SU(3) is slowlyconverging, since the relevant expansion parameter is m k /Λ ∼ 1/2. Thus, one might worry that higher-order effects are not negligible. In fact, my collaborators and I showed that -in the case of the strange magnetic radius -the nextto-leading order (NLO) loop contribution cancels most of the LO loop effect, exposing one to a dependence on the NLO LEC, b r s [42] . The resulting expression for r 
where the first term on the RHS gives the loop contribution evaluated at a renormalization scale µ = 1 GeV and the second term is the NLO counterterm contribution. Naturalness considerations suggest that b r s should have magnitude of order unity, implying that the second term on the RHS of Eq. (1) dominates over the first. Since the precise value of b r s cannot be determined except by measuring the strange magnetic radius itself, one is back to the original problem. It seems there is no free lunch with strange quarks. The situation is not entirely bleak, as one can get some indications of the size of the LEC from either dispersion theory or lattice QCD, and a reasonable (though not rigorous) range of predictions can be obtained in this case. Indeed, the final SAMPLE result for the strange magnetic moment -which requires extrapolation to Q 2 = 0 by using the magnetic radius -includes this range in its quoted error [18] .
It goes without saying that one would like to carry out reliable, microscopic calculations of the strangeness form factors in QCD, and the lattice is our only tool for doing so. Some time ago, the Kentucky-Adelaide collaboration obtained a non-zero signal for the form factors in a quenched calculation, the results of which suggested a negative strangeness magnetic moment [43] . More recently, the authors of Ref. [44] performed an quenched computation and found no evidence for non-zero strangeness form factors. The two computations differed in the number of gauge configurations and Z 2 noise vectors employed. To my knowledge, the two groups have not yet sorted out the reasons for the difference in their two results. As we also heard in this meeting, D. Leinweber and collaborators have exploited quenched lattice results and the assumption of charge symmetry to predict the strangeness magnetic moment. The details may be found in his talk, but the approach has successfully reproduced the measured octet baryon magnetic moments. The predicted strangeness magnetic moment is negative: µ s = −0.051 ± 0.021 [45] . The conundrum for this prediction as well as for the previously reported lattice results is that the PVES experiments suggest a positive value for µ s (see, e.g., Ref. [26] ). If these indications are solidified with the final results from the experiments, more work will be needed to understand the sign of µ s from first principles in QCD (for an observations regarding the possible role of C transformation properties, see Ref. [46] ) .
Finally, let me note that hadron models may provide some insights into the strangeness form factors. At present, one model -the chiral quark soliton model -gives the only prediction for a positive µ s that I am aware of [47] . In light of all other theoretical work that seems to suggest a negative sign, this prediction must be taken seriously. Since I am not an expert on this model, I cannot comment in detail on what it may mean for the QCD dynamics of strange quarks. It is suggestive, however, that the topology of the QCD vacuum has a nontrivial impact on sea quark dynamics.
Radiative Corrections
A significant consideration in the theoretical interpretation of the PV asymmetries and their implications for strange quarks has been contributions from electroweak radiative corrections. In high energy processes, one can compute these corrections with a high degree of reliability. At the low energies relevant to the PVES experiments, the situation is quite different due to the interplay of the strong interaction and higher-order electroweak effects. The electroweak Ward Identities protect the weak neutral vector current from strong interaction renormalization, but the the axial vector current can experience substantial effects. Since the axial vector response contributes to a generic PV asymmetry, one has to take into account the uncertainties associated with these axial vector radiative correction effects. Uncertainties also arise in the vector channel via box diagrams in which two electroweak gauge bosons are exchanged; no symmetry protects one from QCD effects in this case. Fortunately, however, the potentially largest uncertainties, which would appear in the Z − γ box graphs, are fortuitously suppressed by 1 − 4 sin 2 θ W ∼ 0.1 [48, 76] . Consequently, one's primary concern involves the axial vector channel.
As part of my Ph.D. research -carried out in collaboration with Barry Holstein -I showed that one class of axial vector corrections -the so-called "anapole moment" terms -can be both surprisingly large and theoretically uncertain [49] . These corrections involve the exchange of a virtual γ between the lepton and hadron target, so their effect in neutrino-hadron scattering is suppressed by an additional power of α/4π compared to the effect in PVES. Consequently, it is useful to distinguish between the axial vector form factor as measured in electron scattering, G e A , from the corresponding form factor probed by neutrinos, G ν A . As Holstein and I pointed out in Ref. [49] , the uncertainties associated with the anapole contributions to G e A are at least as large as the contribution expected from strange quarks (as extrapolated from polarized deep inelastic scattering), so PVES provides a rather poor probe of axial vector strangeness. Neutrino scattering is theoretically much cleaner, since the radiative correction uncertainties are insignificant.
Subsequent to this work, Donnelly and I observed that the radiative correction uncertainties in G e A could mimic the effect of strange magnetism on the elastic, ep PV asymmetry [50] . Consequently, without a better handle on G e A , one faced an intrinsic, theoretical uncertainty in the value of G s M that could be extracted from PVES experiments. More generally, this kind of delicate interplay between various theoretical inputs -including radiative corrections -and the extracted values of the strange quark form factors was laid out in Ref. [51] . Fortunately, Hadjimichael, Poulis, and Donnelly observed that by measuring the PV asymmetry in quasieslastic (QE) eD scattering, one could obtain a different linear combination of G s M and G e A than enters elastic ep scattering, thereby facilitating an experimental separation of both [52] . With this goal in mind, the SAMPLE Collaboration measured both asymmetries. As initially reported, the results implied a value for G e A consistent with zero and a value of G s M that was somewhat positive [20] . The result for G e A was particularly surprising. Originally, Holstein and I predicted that radiative corrections would reduce G e A by roughly 30%, but the SAMPLE results suggested a 100% reduction. This surprise set off a flurry of theoretical efforts to explain the large effect. My collaborators and I up-dated the earlier work with Holstein using heavy baryon chiral perturbation theory and found little room for a larger effect than originally predicted [53] . Others explored the Q 2 -dependence of the anapole form factor [54, 55] , quark model estimates of the anapole contribution [56] , and nuclear PV effects in the eD reaction [57, 58] . Despite this hard work, no one could explain the SAMPLE result. One remaining suspect remained to be analyzed: the Z − γ box contribution. In contrast to its effect in the vector channel, its contribution to the axial response is not 1 − 4 sin 2 θ W suppressed, so it was thought that a large effect might be present here. Subsequently, however, the SAMPLE collaboration reanalyzed the deuterium data and found three previously underestimated corrections [19] . The largest involved neutral pion backgrounds. The resulting shifts in the PV QE asymmetry was just enough to change the extracted value of G e A , bringing it into agreement with the original Musolf and Holstein prediction.
What we have learned from this experience is that nonperturbative QCD effects on electroweak radiative corrections in the axial vector channel can be significant, and one must take them into account somehow. Doing so has become important not only for the strange quark program, but also for interpretation of the G0 measurement of the PV N → ∆ asymmetry. Here, the same kind of anapole effects that enter the elastic asymmetry can be as significant [59] . Consequently, the normalization of the axial vector transition form factor probed by PVES, G ∆,e A at Q 2 = 0, will contain a theoretical radiative correction uncertainty of order 10-20%. As Shi-lin Zhu and I recently showed, a determination of these corrections could be achieved by combining an experimental value for G ∆,e A (Q 2 = 0) with the off-diagonal Goldberger-Treiman relation (ODGTR), as the latter predicts the value of G ∆ A (Q 2 = 0) in the absence of these corrections [60] :
where g πN ∆ is the strong πN ∆ coupling constant that is known with 5% accuracy from πN scattering in the resonance region, F π is the pion-decay constant, and ∆ π is a chiral correction that is of order a few percent. Since G ∆,e A (0) differs from G ∆ A (0) by the large electroweak radiative corrections, a measurement of the former with PVES will primarily probe these radiative corrections.
In addition, a new effect arises in the inelastic asymmetry that does not occur for elastic scattering. Specifically, the asymmetry no longer vanishes at Q 2 = 0. This result is a consequence of Siegert's theorem [61] , which implies that elastic matrix elements of the E1 operator vanish (even in the presence of parity-mixing in the initial and/or final states), but that they need not do so for inelastic reactions. The resulting, low-Q 2 N → ∆ asymmetry has the form A
where C V 3 is the transition magnetic form factor, d ∆ parameterizes the N → ∆ E1 amplitude, and the "+ · · · indicate higher order chiral corrections.
This effect for the N → ∆ asymmetry was first pointed out by in Ref. [62] , where we argued that measuring d ∆ could be important for two reasons. First, without knowing its value, any attempt to determine the Q 2 -dependence of G ∆,e A with PVES could be confused by this term. Second, d ∆ is the neutral current analog of the E1 amplitudes for PV, electromagnetic hyperon decays, such as Σ + → pγ. The asymmetries associated with the latter are of order four times larger in magnitude than one would expect based on simple symmetry considerations -a puzzle that has largely eluded explanation. Studying the neutral current analog (i.e., d ∆ ) could, in principle, shed new light on this old problem. New efforts are underway to develop experiments that would determine d ∆ .
More recently, another aspect of radiative correctionsthose involving the exchange of two photons -has grabbed the attention of the PVES community. While this effect is pure QED and conserves parity, one manifestation of it can be measured using similar methods to those used in the PV experiments. Specifically, by scattering transversely polarized electrons from a given target and measuring the transverse-spin asymmetry (or vector analyzing power), A n , one probes the imaginary part of the twophoton exchange amplitude, M γγ . The vector analyzing power (VAP) has been measured by the SAMPLE Collaboration at relatively low energy [65] and by the Mainz A4 Collaboration at higher energy [66] . The SAMPLE result differs substantially from an old, potential scattering prediction carried out by Mott [67] , leading to considerable theoretical interest in this observable. Although the VAP has been discussed by several others in this meeting, I would like to comment on why I think it is an important topic to pursue experimentally and theoretically.
By now it is well-known that a proper treatment of the real part of M γγ may help resolve the apparent differences in the Q 2 -dependence of the proton electric form factor as determined polarization transfer experiments vs. Rosenbluth separation (for a discussion, see, e.g., Refs. [63, 64] and references therein). Clearly, having an experimental test of theoretical calculations of M γγ is important from this standpoint, and the VAP provides such a test. It is also important for our understanding of electroweak radiative corrections. Indeed, the kinds of two-boson exchange box graphs mentioned above have to be computed theoretically in order to arrive at Standard Model predictions for various electroweak observables. In particular, the dominant theoretical uncertainty associated with the interpretation of neutron and nuclear β-decay involves such graphs, where one of the exchanged bosons is a W ± and the other is a γ. In order to extract a value for the CKM matrix element V ud from these measurements, one must compute the W γ box contribution. The theoretical machinery needed for this computation is the same as required for M γγ , but there is no hope of ever measuring M W γ directly. Hence, the VAP may provide our only experimental test of the theoretical framework used in computing this important electroweak radiative correction.
The β-decay correction applies to a very low-energy process, for which the use of effective field theory (EFT) might be particularly suitable. Similarly, the recent SAM-PLE measurement of the VAP was performed in the lowenergy/EFT domain. With this context in mind, my student L. Diaconescu and I recently computed the VAP for low-energy, elastic ep scattering using an EFT approach. Our primary objective was to determine if one could use EFT to resolve the discrepancy between the SAMPLE result and the old potential scattering calculation performed by Mott. If successful, we would have some confidence in applying the same framework to the electroweak box correction. The details of our calculation can be found in Ref. [68] . Let me comment, however, on a few aspects of the calculation.
First, given the technical challenge in carrying out analytic computations, we decided to work initially with an EFT involving only electrons, photons, and nucleons. In the heavy baryon formalism, the nucleon is essentially a "static" source, and there is no large momentum associated with this degree of freedom. In this EFT, the pion is integrated out, being treated as "heavy". While this assumption would certainly hold for the β-decay correction, it is admittedly questionable for the VAP at the SAM-PLE kinematics. Nonetheless, we explored how much of the experimentally observed VAP could be accounted for by this simplest EFT. In this case, A n has a power series expansion in p/M , where M is the nucleon mass and p is either the incident electron energy or electron mass. The Mott computation corresponds to the O(p/M ) 0 contribution -the one that survives for an infinitely heavy target. We showed that, working to O(p/M ) 2 , one can make a parameter-free prediction for the VAP. To this order, there are no unknown LEC's, and the VAP arises entirely from a one-loop effect. The first unknown constants appear at O(p/M ) 4 . To obtain a consistent computation to O(p/M ) 2 , one must include both the nucleon magnetic moment and charge radius at the γN N vertices in the loop, as well as "kinetic" terms in the nucleon propagator.
To our surprise, we found that the O(p/M ) 2 VAP agrees beautifully with the SAMPLE result. Given that the momentum transfer is of order m π , one would have expected that inclusion of pions would be necessary to produce agreement. What the result suggestions, however, is that for this particular observable, pions do not appear to play a significant role at these kinematics. As a corollary, it seems reasonable that using the same EFT (without dynamical pions) at the lower-energies relevant for β-decay will produce a reliable result for that process. Carrying out the latter computation is clearly a task for the future. On the other hand, taking the EFT expression for A n to the higher energies relevant to the Mainz VAP measurement leads to significant disagreement -not a surprising outcome given that the Mainz energies are well beyond the limit of this EFT. For this domain, one must likely include dynamical pions and the ∆-resonance. I don't know how to do that in a model-independent way that retains the systematic power counting of EFT, so some other approach may be necessary. B. Pasquini has reported on one such attempt using the MAID program [69] . As I understand the results, the MAID calculation comes closer to the Mainz results than the EFT calculation, but fails to reproduce the lower energy SAMPLE result that can be explained using EFT (for other model computations, see, e.g., Refs. [70, 71] ). It is clearly of interest to understand the reasons behind these differing theoretical results, and having more experimental data in the low-to mediumenergy domain would be quite helpful.
New Physics
A subject that is close to my heart -but one that I will spend less time on here -is the use of PVES to search for physics beyond the Standard Model. Two experiments are currently on the books: the E158 Møller experiment at SLAC [7] that has finished its data taking and the QWeak experiment that will take place in the future at JLab [8] . The beauty of these two experiments is that they are highly precise, that they are being carried out at essentially the same Q 2 , and that they are theoretically "clean" probes of the Standard Model and its extensions. Indeed, these two experiments, when taken in tandem with the results of the Cesium atomic PV experiment, provide a unique diagnostic of new physics. My collaborators and I have recently illustrated this point in several papers, focusing particularly intently on supersymmetric extensions of the Standard Model [72, 73, 74, 75, 76] . I refer the reader to those papers for details. Even in the absence of new physics effects, the two experiments will provide the most precise determinations of the running sin 2 θ W at a scale below the Z 0 -pole (see, e.g., Refs. [77, 72, 78, 79] ). Looking to the future, the diagnostic power of the PVES experiments could be amplified with additional measurements. A more precise version of the Møller experiment is under consideration for JLab in its post-12 GeV upgrade phase. As I understand it, this experiment would be quite challenging, but several talented people are working on ways to meet this challenge. A second possibility would be to carry out a more precise version of the SLAC deep inelastic experiment. Recently, a proposal to do so was given high marks by the SLAC E-PAC, but the funds to carry out this experiment do not seem to be available. There is also considerable interest in performing a lowerenergy version of the PV deep inelastic, or "DIS-Parity" experiment at the up-graded JLab. In this case, sorting out the theoretical implications of a precision measurement would be more involved than for the SLAC kinematics, primarily because of potential higher-twist (HT) contributions. The SLAC Q 2 would be sufficiently large that one could neglect these HT effects and perform a precision electroweak test. On the other hand, "twist pollution" will creep in at the JLab kinematics, and we do not have enough information on HT contributions to make definitive statements about their size at these kinematics. It may be that carrying out multiple measurements at different momentum transfers would allow one to simultaneously constrain the degree of twist pollution and deviations from the Standard Model electroweak contribution. Given that the figure of merit for the deep inelastic measurements is relatively large, such a program may be realistic.
Theoretically, several questions pertaining to the deep inelastic asymmetry remain to be studied extensively. In the case of HT, for example, one does not know what QCD predicts for the evolution of the corresponding structure functions. Similarly, the degree to which isospin violation in the leading twist parton distribution functions would affect the asymmetry is an interesting question. As we heard in K. McFarland's talk, the currently favored explanation of the NuTeV anomaly [80] is just such isospin violation. To be a viable one, this violation would have to be large, so that one might expect similarly large effects on the deep inelastic asymmetry. Finally, there is the question as to what combination of measurements would yield the most useful information on the electroweak sector of the Standard Model as well as on the aforementioned aspects of nucleon structure. Clearly, there is considerable room for future theoretical work on this topic.
Conclusions
It seems to me that the "modern era" of PVES experiments will be coming to an end in the next few years. With the conclusion of the SAMPLE, HAPPEX, G0, and A4 programs, the experimental questions about the size of the strange quark form factors and axial vector radiative corrections will have been settled; the 208 Pb measurement will have provided new information about the distribution of neutrons in heavy nuclei; and the first generation of precision electroweak tests (E158 and Q-Weak) will have produced results. I believe that those who have been involved in this field will be able to look back with considerable satisfaction at the unique and varied physics that this subfield of nuclear physics has illuminated. At the same time, there will be ample grist for the theoretical mill. If the present indications of a positive strangeness magnetic moment persist, it will be a challenge to provide a QCD explanation for this result and to understand the dynamics behind it. Similarly, if G0 and possible new experiments are able to cleanly separate the G ∆, e A and d ∆ contributions to the inelastic asymmetry, then new confrontations with hadron structure theory will be available. Finally, comparisons of first results from the LHC with information obtained from precision measurements -such as Cesium atomic PV, E158, Q-Weak, and possible second generation progeny -may help us determine which of the currently popular extensions of the Standard Model -if any -are most viable. In short, it appears that we have hardly heard the last word from parity violation.
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